that the present paper will also provide a robust "ground" truth for use in validation of oceanic and atmospheric circulation models which are essential for understanding, simulating, and ultimately predicting the tropical Pacific climate system [see Neelin et al., 1994] .
The paper is organized as follows. A description of the 1961-1995 data used and processing procedures is given in section 2. There, construction of 1-month by 2ø-latitude by 10ø-longitude grids is detailed for each variable, as well as the way to high-pass and low-pass filter the times series for separating the seasonal from the interannual ENSO signals. A brief overview of the long-term means in SST, SSS, 0/450-dbar dynamic height anomaly, surface wind stress and precipitation follows in section 3, in order to set the context prior to analyzing the seasonal variations in section 4 and the ENSO vari- It is usual and understandably legitimate to review past results in the introduction section of a scientific paper, and this was not adequately done in this paper. Rather, when appropriate, the knowledge gained from previous publications will be discussed in the main text. The advantage is to use the present findings to contrast, to verify, and to expand on our knowledge of tropical Pacific variability thanks, in particular, to complementary time series that include several E1 Nifio and La Nifia events and are long enough to document the interannual variability.
Data and Methods
We considered three kinds of oceanic parameters and three kinds of atmospheric parameters (covering one to three decades), namely, sea surface temperature, sea surface salinity, surface dynamic height anomaly, surface wind stress and precipitation within most of the tropical Pacific, and the time series of the SOI. The sea surface temperature data were derived from the 1950-1994 monthly 2ø-latitude by 2 ø-longitude gridded field of Reynolds and Smith [1994] . The monthly SST data were subsampled onto a 2ø-latitude by 10 ø-longitude grid and over the 1961-1994 period. The sea surface salinity data (about 270,000 items) originate from a combination of (1) bucket measurements collected via a ship of opportunity program, (2) hydrocast and conductivity-temperaturedepth (CTD) measurements collected during more than 200 research cruises, (3) measurements taken by thermosalinographs installed on board merchant and research vessels, and (4) thermosalinograph measurements from Tropical Atmosphere-Ocean Array (TAO) moorings [see Donguy and H•nin, Computation of the surface dynamic height anomaly was done from about 240,000 validated temperature profiles. They consist mostly of 1979-1995 expendable bathythermograph (XBT) measurements made by research and volunteer merchant and fishing vessels [White et al., 1985 ] (see Figure 1 by Reverdin et al. [1996] to get an idea of the XBT time-space distribution), and they were complemented by TAO measurements within 8øN-8øS [Hayes et al., 1991a; McPhaden, 1993] and by CTD data issued from many research cruises. The temperature data will be referred to simply as XBT. The temperature measurements were interpolated linearly every 10 m in the upper 250 m and every 25 m down to 450 m. Though the XBT were already checked for large errors, an additional validation test was performed through objective criteria based on multiples (_+5, _+4, and then _+3.5) of standard deviation in 2ø-latitude by 10ø-longitude rectangles; about 1% of values were rejected. The irregularly distributed temperature data, both in space and time, were then gridded onto monthly fields with a resolution of 2 ø latitude by 10 ø longitude in a manner similar to what was done for the SSS data. For each grid point the temperature profile was further converted into 0/450-dbar dynamic height anomaly using the local mean T-S curve from Levitus et al. [1994] . Climatological means and seasonal and interannual variations were quantified for each parameter on the basis of the above mentioned fields. The climatological means were calculated both over 1979-1992, a period common for each parameter, and over the maximum length.,, of the time series; the results were nearly identical whatever the chosen time period, and the 1979-1992 averages will be presented. An EOF analysis was attempted in order to separate the seasonal and interannual variations. Because the EOF is purely a mathematical construction, leakage of the interannual variability into the seasonal variability was found for some parameters. Hence time filtering was used to alleviate the difficulty in separating seasonal and interannual signals for all parameters. Specifically, the interannual variations were estimated by filtering the monthly time series with a 25-month Hanning filter [Blackman and Tukey, 1958] . This filter passes almost no signal at periods of 1 year and shorter and passes about 90% of the signal at periods of 4 years, which is the mean El Nifio return interval [Enfield and Cid, 1991] . The variations at periods equal or shorter than I year (i.e., including the seasonal variations)
were then calculated as the residuals between the original time Levitus, 1982; Reid, 1961] .
Maps of mean pseudo wind stress and precipitation are displayed in Figures 3a-3c 
Seasonal Variability
As noted in section 2, the variations of each parameter at periods equal or shorter than 1 year were calculated as the differences between the monthly time series and the 25-month Harming-filtered time series. An EOF analysis was performed on these "high"-frequency variations, in order to detect the seasonal variations which were extracted generally by the first mode EOF for each parameter. In this section we present the seasonal mode 1 EOF spatial patterns, together with the monthly mean year and standard deviations constructed from the EOF time functions. Annual harmonic phase and amplitude will also be discussed in support of the EOF analysis, which fails to detect propagation features. The analyzed time period and the percentage of variance explained by the seasonal mode 1 EOF are given in Table 1 for each parameter.
Sea Surface Temperature
The seasonal mode 1 EOF on SST is shown in Plate la.
Away from the equatorial band, the most notable feature is the 
Sea Surface Salinity
The major features of the seasonal mode 1 EOF on SSS (Plate lb) include relatively pronounced seasonal cycles along the ITCZ (from about 12øN at 110øW to 6øN at 130øE) One must be cautious in using the term zonal seesaw suggested by the EOF analysis, as it is not a rigid seesaw. As a matter of fact, low-frequency variations in sea level are depicted in Figure 4c , in physical units, for two points at the equator in the western (155øE) and eastern (125øW) basin. 3b and 6d ). This suggests a strong relationship between these two parameters, which could be utilized to estimate P changes from known SSS changes or vice versa. In physical units (Figure 4b ) the precipitation and SSS changes at 0ø-175øE present a remarkable phase agreement (R = -0.85 with P leading SSS by 1 month), although the similar SSS changes during the 1982-1983 and 1987 E1 Nifio did not correspond to similar P changes. Hence the good phase agreement between P and SSS should be used with caution in any attempt to specify the amplitude of P changes from known SSS changes [see Delcroix et al., 1996] . In the equatorial band the agreement in phase but not in amplitude between P and SSS is not due to evaporation but chiefly reflects the important role of zonal advection in modifying SSS, as was identified from observations during the contrasted 1986-1989 E1 Nifio and La Nifia periods [Delcroix and Picaut, 1998 ] and from model results over the 1986-1994 period [Picaut et al., 1996] . Table 2 indicates that all these ENSO indices are highly correlated with the SOI (R ---0.7 to -0.8) at almost no lag; for comparison purpose the correlation coefficient between the often used NINO3 SST anomalies (Figure 1 ) and the SOI is only -0.54 at zero lag. For each isoline, Figure 6 shows that there were eastward displacements during the E1 Nifio events and, a contrario, westward displacements during the La Nifia events. As shown from surface currents derived from various types of observa- 
Conclusion
The present work aims at presenting a comprehensive investigation of the seasonal and interannual variability in sea surface temperature (SST), sea surface salinity (SSS), 0/450-dbar dynamic height anomaly (an alias for sea level, •), zonal (•) and meridional (r y) surface wind stress, wind stress curl (curl (r)), and precipitation (P) in the tropical Pacific during the 1961-1995 period. Using high-pass and low-pass time filtering, the variability at periods equal or shorter than 1 year was separated from the variability at periods greater than 1 year. Empirical orthogonal function (EOF) analysis on the high-pass-and low-pass-filtered times series was performed to extract the dominant large-scale variability at seasonal and ENSO timescales. As the EOF does not detect propagating features, the study of seasonal and ENSO variability was complemented by Fourier and time lag correlation analyses together with longitude-time and latitude-time plot analyses. This investigation extends the work of previous publications to encompass the variability of key surface atmospheric and oceanic variables that, in the present case, were all analyzed with the same approach over the whole tropical Pacific and over a time period long enough to address ENSO variability.
The large-scale mean structures and seasonal variations of the analyzed variables were found generally consistent with previous analyses obtained from different data sets, data processing methods, spatial domains, time periods, and methods of analysis. When appropriate, the existing differences in the seasonal variations were detailed in the main text; only the interannual changes are discussed below. At ENSO timescale the amplitude of SST changes was found to be greatest in the central eastern basin, contrasting (1) with the SSS, r •, curl (r) and P changes which were found predominant in the western central basin and (2) We would like now to present a simple scenario to illustrate the relationships between the ENSO-related changes, with emphasis on the equatorial band. For clarity we will separate the tropical Pacific into the eastern and western halves, keeping in mind that subtle singularities in location exist for each analyzed parameter. An E1 Nifio episode begins with a warm SST anomaly in the east around the equator (Plate 3a). This warm SST anomaly induces a reduction in the large-scale zonal SST gradient and is associated with a westerly wind anomaly in the west (Plate 6a). The westerly anomaly induces vertical displacements of the thermocline (opposite in direction to sea level), which are opposite in the west and in the east. In the Regarding this latter period, it is also interesting to note that there was a weak tendency for SST and • anomalies to exhibit a westward propagation, a behavior that is consistent with the slow SST mode theory [Neelin, 1991] also proposed to explain the ENSO cycle. It thus appears that ENSO is certainly more complex than any one theory or concept suggests and that further studies are necessary.
The large-scale changes in the zonal slope of sea level in the equatorial band was found in near equilibrium with the largescale changes in • at the interannual timescale, though the sea level was not exactly out of phase between east and west and so did not oscillate like a rigid seesaw (Figure 4e) . Superimposed on the zonal seesaw was a meridional seesaw (Figure 4d) which not only reflected a continuous circuit around the northern tropical Pacific, but also indicated that when r• is below average south of about 5øN 1 year after the mature phase of E1 Nifio, it is above average north of about 5øN, suggesting that heat or water masses not only move zonally during ENSO but also meridionally. (Note that a similar double seesaw was found in the tropical Atlantic at seasonal timescale, both from observations and models [Merle and Delcroix, 1983; Busalacchi and Picaut, 1983] .) It is important to emphasize that the fluctuations in the longitudinal mean sea level (Plate 5c), associated with the meridional seesaw are not in equilibrium with the wind changes in the equatorial band [Schneider et al., 1995] . Moreover, the rise (drop) in the longitudinal mean sea level within 5øN-20øS preceded the E1 Nifio-(La Nifia-) related occurrence of westerly (easterly) wind anomaly in the west and warm (cold) SST anomaly in the east. Hence this sea level rise has been considered as a precondition for E1 Nifio, and it is thought to characterize the "memory" of the ocean and, consequently, the potential for ENSO predictability [Wyrtki, 1975;  Zebiak and Cane, 1987] . Furthermore, the 5øN-20øS rise in the longitudinal mean sea level lasted until the mature phase of E1 Nifio (Plate 5c) and not just until the beginning of E1 Nifio, suggesting that the shift from E1 Ni•o to La Ni•a marks an "energy relaxation" as proposed by Wyrtki [1985] . . Also, the apparent northward (eastern boundary) and southward (western boundary) propagations of the continuous circuit around the northern tropical Pacific should be viewed with great care given the 2 ø latitude gridding of the observations. It is thus expected that the growing accumulation of fine resolution and accurate sea level measurements via TOPEX/Poseidon and Jason altimetry, together with the ongoing observational capabilities of TOGA, will enable us to refine the present analysis either directly or by means of data assimilation in suitable models. Still, this paper focused op. the common large-scale features rather than on individual characteristics of each E1 Ni•o and La Nifia event; clearly, the specificity of each event should be further analyzed to improve our understanding of the ENSO cycle. In the mean time, it is expected that this synthesis examining key parameters at seasonal and interannual timescales will be of value for theoretical and modeling analyses, which have stimulated some of our investigations, at least for the intrinsic substance of the synthesis and in providing effective ground truth.
